We evaluated the carbapenem inactivation method (CIM) compared with the modified Hodge test (MHT) for the detection of carbapenemase-producing Gram-negative bacilli. Methods: A total of 61 isolates of carbapenemaseproducing Enterobacteriaceae (CPE: 14 KPC, 7 GES-5, 8 NDM-1, 9 VIM-2, 9 IMP-1, and 14 OXA-48-like), 34 isolates of metallo-β-lactamase (MBL)-producing Pseudomonas spp. (14 VIM-2 and 20 IMP-6), and 70 carbapenem-nonsusceptible carbapenemase-negative isolates were included. The CIM and MHT were performed for all of the isolates. To perform the CIM, a meropenem disk was incubated with a suspension of the isolate to be tested and then on Mueller-Hinton agar with the Escherichia coli ATCC 29522 strains. The absence of an inhibition zone indicates presence of a carbapenemase. The presence of a clearing zone indicates lack of a carbapenemase.
INTRODUCTION
The global spread of carbapenemase-producing gram-negative bacilli in the last decade is becoming a serious health threat, and limited treatment options are available for such infections [1] .
Rapid and accurate detection of resistance mechanisms is essential for determining appropriate antimicrobial therapy and infection control measures.
Many phenotypic laboratory developed tests (LDTs) have been developed to detect carbapenemase activity [2] [3] [4] . The modified Hodge test (MHT) is inexpensive and feasible for practically all clinical laboratories. The MHT is a Clinical and Laboratory Standards Institute (CLSI)-recommended phenotypic carbapenemase detection method [5] . This recommendation includes Enterobacteriaceae, but not Pseudomonas spp. Although the MHT often presents high sensitivity, its interpretation is often difficult and subjective [6] [7] [8] [9] . Moreover, the MHT have demonstrated false-positive results in the presence of extendedspectrum β-lactamases (ESBLs) and AmpC β-lactamases (AmpCs) [10, 11] . Another new LDT, called carbapenem inactivation method (CIM), was developed to detect carbapenemase activity in gram-negative bacilli [12] .
In this study, we evaluated the reliability of the CIM for the detection of carbapenemase-producing gram-negative bacilli. 
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MATERIALS AND METHODS

Bacterial isolates
A total of 167 clinical isolates of Enterobacteriaceae (n=99) and Pseudomonas spp. (n=68) used in this study ( 
Carbapenem inactivation method
The CIM was performed as previously described the original protocol [12] . Briefly, a suspension was made by suspending a full of 10 μL loop, cultured colony of tested isolate, in 400 μL 
Modified Hodge test
The MHT was performed as previously described [14] .
Ertapenem disk (Beckton-Dickinson) was placed on the MHA plate seeded with E. coli ATCC 25922. The length of a straight line from the enhanced growth obtained from the isolate to the end of inhibition zone (mm) was classified as negative (＜3 mm) and positive (≥3 mm). 
RESULTS AND DISCUSSION
The CIM showed positive results for all the CPE and the The sensitivity and specificity of CIM in carbapenem-nonsusceptible Enterobacteriaceae (93% sensitivity and 100% specificity) and carbapenem-nonsusceptible Pseudomonas spp. (100% sensitivity and 100% specificity) were excellent. The total of sensitivity and specificity of CIM were 95.8% and 100%, respectively. The total of sensitivity and specificity of MHT were 76.8% and 94.3%, respectively (Table 3) .
Previously, CIM was proved to be very efficient in the detection of carbapenemase activity [12, 15, 16] . These studies had compared to Carba NP test. In comparison to the Carba NP test, CIM has similar high performance, significantly low cost, easy to interprete, and longer turnaround time for carbapenemase detection. The Carba NP test is fast and accurate phenotypic method and is now being recommended in the CLSI guidelines for carbapenemase detection [17, 18] . However, recent studies have shown that this test has lower sensitivity particularly against isolates producing OXA-48-like or expressing mucoid colonies. Sometimes this test may be difficult to decide the result when the color changes became orange [19] .
The MHT is suitable for the screening of carbapenemase production. However, its results are often difficult to interpret, and false-positive results are observed for strains producing ESBL or AmpC with porin loss [6, 7] . Furthermore, it may be difficult for laboratories lacking experience to interpret results because of the subjective nature of the MHT [8, 9] . Yamada et al. [16] have reported the evaluation between the performance of MHT and CIM. The results indicated while MHT produced false-negative results for NDM-producing Enterobacteriaceae, the CIM showed positive results for these isolates. This study includes only Enterobacteriaceae and have no GES-5-producing
isolates. In our study included the seven GES-5-producing K.
pneumoniae, the CIM showed positive results in the four isolates but the MHT showed negative results in all of the isolates.
Unfortunately, CIM also couldn't detect GES-5 class A carbapenemase well.
All of the positive results of CIM showed the absence of an inhibition zone and all of the negative results appeared ＞20 mm of inhibition zone diameter (Fig. 1) . It means that the interpretation of the results was easy.
In conclusion, our results indicate that the CIM had excellent sensitivity and specificity for detection of CPE and MBL-producing Pseudomonas spp. And, the interpretation of the CIM was easy, unlikely with MHT.
